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ABSTRACT 


Observed  underwater  acoustic  multipath  arrival  structures  are 
compared  with  theoretical  predictions  based  on  historic  sound  speed 
profiles  for  the  vicinity  of  the  Mid-Atlantic  Ridge  (3500  m  water) 
and  the  Blake  Plateau  (1000  m  water).  Examining  these  comparisons 
for  surface  duct  environmental  conditions  resulted  in  the  conclusion 
that  wave  theory  is  necessary  for  predicting  the  distribution  of 
received  energy  and  that  classical  ray  theory  (i.e.,  ray  propagation 
using  the  high  frquency  assumption  without  sound  leakage  correction) 
is  inadequate. 
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INTRODUCTION 


Observations  of  multipath  arrival  structures  made  at  sea  using 
short  pulses  have  indicated  that  energy  leaking  into  and  out  of 
surface  ducts  can  play  a  significant  role  in  the  propagation  of 
acoustic  energy.  This  leakage  phemomenon  was  first  reported  over 
twenty  years  ago  by  W.  Thorpe  and  others  with  reference  to  leakage 
into  and  out  of  ref racted-sur face  reflected  (RSR)  paths.  Recent 
experience  has  indicated  that  this  leakage  phenomenon  can  also  be  of 
importance  for  energy  propagating  via  bottom  bounce  modes. 

This  leakage  phenomenon  will  be  quite  general,  since  surface 
ducts  exist  for  a  good  portion  of  the  year  in  many  regions  of  the 
world's  oceans.  In  fact,  Thorpe  et  al . ,  also  demonstrated  that  the 
surface  duct  need  only  be  present  over  some  part  of  the  total  range 
in  order  for  the  leaky  arrivals  to  exist.  The  particular  leakage 
mechanism  which  is  referred  to  is  shown  pictorially  in  Figure  1. 
Simply  stated  it  is  tunnelling  through  a  potential  barrier,  an  effect 
which  diminishes  with  increasing  frequency  and  with  increasing 
distance  of  the  source/receiver  from  the  duct  boundary.  This  does 
not  imply  that  the  effect  is  important  only  at  low  frequencies; 
first,  depending  on  the  particular  source/receiver  geometry  and  the 
duct  shape,  this  effect  could  have  an  impact  on  current  and  future 
operational  sonars,  and  second,  scattering  into  and  out  of  the  duct 
by  internal/surface  wave  action  may  enhance  th^e  effect. 

This  phenomenon  leads  to  the  characteristic  arrival  pattern  shown 
in  Figure  2.  The  salient  aspects  of  this  arrival  structure  are  a  set 
of  equally  spaced  early  arrivals  followed  by  arrivals  with  rapidly 
decreasing  increasing  with  range.  If  classical  ray  techniques  are 
used  in  an  attempt  to  predict  the  arrival  structure  the  earlier 
equally  spaced  arrivals  will  be  missing.  On  the  other  hand, 
solutions  which  account  for  the  wave  nature  of  the  acoustic  field 
will  be  successful. 

The  purpose  of  this  memorandum  is  to  compare  observed  multipath 
arrival  structures  with  those  predicted  using  ray  theory  (CONGRATS  I) 
and  wave  theory  (parabolic  equation  (PE))  and  to  indicate  the 
superiority  of  the  latter  under  the  conditons  stated  herein. 

DISCUSSION 


We  wish  to  examine  a  set  of  multipath  arrival  structures  obtained 
in  the  vicinity  of  the  Mid-Atlantic  Ridge  (3500  m  water)  and  the 
Blake  Plateau  (1000  m  water).  These  data  sets  are  of  interest 
because  it  was  suspected  that  leakage  into  and  out  of  a  surface  duct 
and  into  bottom  bounce  paths  played  an  important  role  in  determining 
the  arrival  structure. 
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Several  examples  which  illustrate  the  nature  of  the  multipath  structure 
are  shown  in  Figures  3  through  6.  These  data,  which  are  a  subset  of  those 
to  be  used  in  this  memorandum,  were  obtained  at  500  and  1600  Hz  using  10 
msec  Gaussian  pulses  (Blake)  and  at  750  Hz  using  20  msec  Gaussian  pulses 
(Mid-Atlantic  Ridge).  In  all  cases  shown,  the  arrival  structure  usually 
represents  an  average  of  the  received  intensity  over  thousands  of  received 
pulses.  Note  also  that  the  time  scales  on  these  plots  is  not  the  same 
for  each  case. 

We  will  proceed  by  using  historical  sound  velocity  profiles 
obtained  from  reference  (a)  as  inputs  to  a  ray  program  (CONGRATS  I)  and 
a  wave  program  (PE),  profiles  which  are  appropriate  for  the  area  in  which 

the  data  were  taken.  For  the  PE  simulation  we  will  use  the  program 

described  in  reference  (b)  to  propagate  pulses  whose  duration  is  short 
enough  to  resolve  the  individual  paths.  A  comparison  between  the  two 
theoretical  techniques  (at  500  Hz)  and  the  observations  will  then  be 
made  with  particular  attention  being  payed  to  the  relative  path  arrival 
times.  In  each  case  the  water  depth  will  be  chosen  to  match  the  average 
water  depth  in  the  experimental  areas. 

The  first  data  set  which  we  will  examine  are  those  obtained  in 
the  vicinity  of  the  mid-Atlantic  Ridge  during  the  month  of  November. 

The  results  of  the  PE  and  CONGRATS  runs  for  a  water  depth  of  3500  meters 

are  shown  in  Appendix  A.  The  arrival  time  data  are  summarized  in  Figures 

7  through  10  using  a  water  depth  appropriate  for  the  experimental  area. 

We  have  identified  each  path  on  these  figures  using  the  following  term¬ 
inology:  DS  indicates,  a  surface  duct  path.  Bn  indicates  a  bottom  bounce 
path  interacting  with  the  bottom,  n  times,  and  a  subscript  1  is  attached 
to  a  path  if  it  is  generated  by  energy  leaking  through  the  duct.  The  ray 
theory  results  are  always  referenced  to  an  imaginary  straight  line  ray 
traveling  in  the  duct.  As  can  be  observed  from  this  set  of  data  the  agree¬ 
ment  between  the  observed  arrival  times  and  PE  technique  is  quite  good. 

As  expected  the  ray  theory  quite  generally  fails  to  predict  the  earlier, 
leaky  arrivals. 

The  second  data  set  which  we  wish  to  examine  was  obtained  in  the 
month  of  February  in  the  vicinity  of  the  Blake  Plateau.  The  results  of 
the  CONGRATS  I  and  PE  run  are  summarized  in  Appendix  B  using  a  water  depth 
of  900  meters.  The  arrival  time  data  is  summarized  in  Figure  11  using  the 
appropriate  water  depth.  Again,  the  ray  theory  results  are  referenced  to 
an  imaginary  ducted  ray.  Note  that  the  PE  technique  predicts  the  arrival 
structure  quite  nicely  while  the  ray  technique  does  not  predict  the  earlier 
arrivals. 
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The  last  data  set  was  also  obtained  in  the  vicinity  of  the 
Mid-Atlantic  Ridge,  but  this  time  during  the  month  of  March.  The 
CONGRATS  I  and  PE  runs  for  this  time  of  year  and  area  are  shown  in 
Appendix  C  for  a  water  depth  of  3500  meters.  The  arrival  time  data 
is  summarized  in  Figures  12  and  13  using  the  appropriate  water  depth. 
The  agreement  between  the  PE  technique  and  the  observations  on  the 
first  data  set  are  good  out  to  about  37.5  nautical  miles  but  then  the 
agreement  is  no  longer  good,  perhaps  because  of  scattering  in  the 
surface  duct  and/or  a  change  in  the  sound  speed  profile  in  the 
vicinity  of  the  duct.  The  results  for  the  second  data  set  show  a 
good  agreement  between  the  PE  method  out  to  117  nautical  miles  but 
the  ray  technique  again  fails  once  the  leaky  modes  can  be  excited. 

CONCLUSIONS 


Being  able  to  understand  this  leakage  phenomenon  and  to  calculate 
its  effect  on  the  received  signal  energy  is  important  for  a  number  of 
reasons.  First  the  existence  of  energy  which  can  leak  into  and  out 
of  a  surface  duct  (or  any  duct  for  that  matter)  is  certainly 
important  for  establishing  a  physical  understanding  of  the 
propagation  physics.  The  matter  of  proper  path  identification  falls 
into  this  category.  This  is  true  regardless  of  whether  the  energy 
leaks  into  bottom  bounce  modes  or  RSR  modes.  A  second,  an  even  more 
important  reason  for  accounting  for  this  phenomenon  carefully  is  its 
possible  impact  on  operational  systems  and  algorithms.  For  example, 
the  effect  of  this  mechanism  on  sonar  systems  and  system  design  could 
be  significant.  This  is  particularly  true  if  one  considers  that 
under  certain  circumstances,  these  leaky  paths  contain  a  significant 
portion  of  the  received  energy. 

Another  conclusion  which  one  can  draw  from  these  comparisons  is 
that  one  is  well  advised  to  avoid  standard  ray  techniques  such  as 
CONGRATS  and  FACT  for  example,  when  it  is  suspected  that  leakage  may 
be  important.  Techniques  such  as  RAYMODE  should  also  be  avoided  in 
these  instances  because,  although  RAYMODE  accounts  for  leakage  out  of 
the  duct  it  does  not  allow  for  leakage  back  into  the  duct.  This  is 
true  even  though  the  technique  on  which  it  is  based  (multipath 
expansion)  is  quite  general  and  includes  wave  effects.  In  this 
regard,  H.  Weinberg  has  implemented  a  program  based  on  the  multipath 
expansion  technique  which  offers  the  promise  of  a  proper  accounting 
of  all  the  propagating  energy.  A  comparison  of  multipath  arrival 
patterns  computed  using  Weinberg's  technique,  will  be  made  with  our 
observations  in  a  subsequent  memorandum. 

Finally,  full  wave  techniques  such  as  PE,  FFP,  and  normal  modes, 
account  properly  for  the  received  energy.  They  however  generally 
suffer  from  a  burden  of  requiring  excessive  computer  time  in  order  to 
make  the  necessary  computations. 
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FIGURE  1.  ILLUSTRATION  OF  LEAKAGE  PHENOMENON 
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TYPICAL  ARRIVAL  STRUCTURE 


RELATIVE  DELAY 


FIGURE  2.  TYPICAL  ARRIVAL  STRUCTURE 
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FIGURE  3.  BLAKE  DATA,  500  HZ,  JANUARY 
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FIGURE  4  BLAKE  DATA,  1600  HZ,  JANUARY 
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FIGURE  5  RIDGE  DATA  #1,  750  HZ,  MARCH 
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FIGURE  7  RELATIVE  ARRIVAL  TIME,  MID-ATLANTIC  RIDGE  #  1  NOVEMBER 
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FIGURE  8  RELATIVE  ARRIVAL  TIMES,  MID-ATLANTIC  RIDGE  #  2  NOVEMBER 


TM  No.  811061 


•OBSERVATIONS 


5 

MILES 


25 

MILES 


50 

MILES 


aparabolic  equation 

■RAY  TRACING 


WATER  DEPTH  =3000  m 


3500  m 


3500  m 


TM  No.  811061 


OBSERVATIONS 


25 

MILES 


50 

MILES 


A  PARABOLIC  EQUATION 
■  RAY  TRACING 


WATER  DEPTH  =  3000  m 


3000  m 


RELATIVE  DELAY  (SEC) 
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FIGURE  11.  RELATIVE  ARRIVAL  TIMES,  BLAKE  PLATEAU  JANUARY 
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FIGURE  12  RELATIVE  ARRIVAL  TIMES,  MID-ATLANTIC  RIDGE  #  1  MARCH 
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2 


TM  No.  811061 


DEPTH  IMETERS) 


-  i 

cr> 


RUN  FOR  BT21C 


SOURCE  DEPTH  «  7B.00  METERS 
SOURCE  RANGE  »  0.00  METERS 


TARGET  OEPTH  -  136.00  HETERS 
TARGET  RANGE  -  46332.74  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
15EC0N05I 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
L055  CODE 

-5.  t 

-q.B 

31.059 

-2.9 

6.6 

94  40 

-2.1 

4.3 

31.062 

0.0 

6.2 

84.47 

-4.0 

s.q 

31.069 

-3.9 

7.0 

90.48 

i 


TM  No.  811061 


A17/A18  REVERSE  BLANK 


RUN  FOR  BT21C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  *  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RANGE  =  46332.74  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIKE  SURFACE  BOTTOM  PROPORTION  NUMBER  OF 
ANGLE  ANGLE  ISECONDSI  RNGLE  ANGLE  LOSS  (DBI  REVERSALS 


-14.0  -1*4.5  32. 100 

-14.5  14.9  32.143 


-14. D  15.2  92.28 
-14.4  15,6  92.40 


TM  No.  811061 


TM  No.  811061 


RANGE  =  50  MILES 


A1 9/A20 


REVERSE  BLANK 


fEHFi  30-RUG-S0  19*32*06 


E11DEC35  RIDGE 


5-SEP-80  lit 09* 00 

TM  No.  811061 


Llf 


LEVEL  (DB) 


ANCLE, DELAT  MAX=-102.52  DB 
ANGLE  MRX=-99. 78  DB 
DELAT  MAX=-93. 55  DB 
DESIRED  RANGE=  U9.9NAUTICAL  MILES 
STARTING  FREQUENCE  H95.  HZ. 
STOPPING  FREQUENCE  505.  HZ. 
STARTING  DEPTh=  102.98  METERS 
STOPPING  DEPTH=  162.60  HETERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  WIDTH=10. OMETERS 
SOURCE  AIH=1 1 . ODEGREES 


A21 


qeptm  turrcnsi 


ro 


100DQ. 


20000. 


1(0000. 


30000. 

RANGE  (HETERSt 


90000. 


100000. 


RUN  FOR  RT22C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
92665.49  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS! 

SURFACE 

ANGLE 

BET 

TKf 

13.9 

-14.4 

64. 184 

-13. 9 

15.1 

98.28 

14.2 

14.6 

64.227 

-14.1 

15.3 

98.35 

16.4 

-18.8 

65.672 

-10.4 

19.3 

98.98 

JB.6 

19.0 

65.720 

-18.6 

19.5 

99.02 

number  or 

REVERSALS 


9 

10 


i 


TM  No.  811061 


oepth  imeters) 


RUN  FOR  BT22C 


SOURCE  DEPTH 
SOURCE  RANGE 


78.00  METERS 
0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
92665.49  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
ISECONDS! 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  CDB? 

NUMBER  OF 
REVERSALS 

1.1 

3.0 

62.123 

0.0 

5.9 

80.48 

4 

3.2 

4.9  ' 

62.126 

-3.1 

6.6 

97.65 

4 

B.  8 

-9.6 

63.000 

-B.8 

10.6 

96.93 

5 

0.1 

9.8 

63.027 

-9.1 

10.  B 

97.10 

6 

TM  No.  811061 


CMCTEIW 


ro 


100000. 


RUN  FOR  BT22C 


SOURCE  DEPTH  «  70.00  HETERS 
SOURCE  RANGE  -  0.00  HETERS 


TARGET  DEPTH  « 
TARGET  RANGE  - 


136.00  HETERS 
92665. 49  HETERS 


TRAN5HJT 

BUGLE 

receive 

ANGLE 

Tm5ir 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 

Loss  COBl 

NUMBER  OF 
REVERSALS 

-3. 1 

•14.  B 

62.120 

-3.0 

6.6 

09.12 

4 

-1.4 

9.0 

62. 123 

0.0 

6.0 

60.70 

S 

•9.6 

5.1 

62.130 

-3.4 

6.6 

OS  77 

5 

•0.0 

-0.7 

63.015 

-0.0 

10.7 

07.05 

6 

-0.9 

10.0 

63.043 

•0.9 

11.0 

07,23 

7 

TM  No.  811061 


A25/A26  REVERSE  BLANK 


1 


10000. 

20000.  30000., 

40060. 

50000.  80000.  70000.  80000. 

RRNGE  (HETER5! 

90000. 

100000. 

RUN 

FOR  BT22C 

SOURCE  DEPTH 
SOURCE  RPNGE 

=  70.00  METERS 
=  0.00  METERS 

TARGET  DEPTH  *  136.00  METERS 

TARGET  RANGE  =  9266S.49  METERS 

TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS! 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  COB) 

NUMBER  OF 
REVERSALS 

-14. 1 

-14.5 

64.209 

-14.1 

15.2 

98.32 

8 

-14.3 

14.8 

64.252 

-14.3 

15.4 

98.38 

9 

-10.5 

-18.9 

65.704 

-18.5 

19.4 

99.00 

10 

-18.7 

19. 1 

65.761 

-18.7 

19.6 

99.03 

1 1 

TM  No.  811061 


TM  No.  811061 


RANGE  =  75  MILES 


A27/A28 


REVERSE  BLANK 


fEHF:  30-fUJu-80  3  9: 12: OB 


5-SEF-BO  Ui35i53 

TM  No.  811061 

E11DEC35  RIDGE 


LEVEL  IDB) 


LU 

U1 


LU 


ANGLE, DELAT  MAX=-105.09  DB 
fiNGLE  HAX=-102. 36  DB 
DELAT  MAX=-97. 73  DB 
DESIRED  RANGE*  7U. 9NRUTICAL  MILES 
START IHG  FREQUENCY*  U95.  HZ. 
STOPPING  FREQUENCE  505.  HZ. 
STARTING  DEPTH*  102.98  METERS 
STOPPING  DEPTH*  162.60  METERS 
SOURCE  DEPTH=78. OHETERS 
SOURCE  WIDTH*1G. OMETERS 
SOURCE  AlM=l 1 . ODEGREES 


A29 


ocrm  mtTM> 


n> 

co 

o 


20000. 


SOURCE  DEPTH 
SOURCE  RANGE 


40000* 


78.00  HETERS 
0.00  METERS 


ooooo. 


100000, 
RANGE  CHETER31 


120000. 


1 40000.  110000. 


110000. 


800000, 


RUN  FOR  BT23C 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
1 38990  21  METERS 


T«T 

RECEIVE 

ANGLE 

min* 

'mz 

BOTTBH 

ANGLE 

rCB8W 

NUMBER  OF 
REVERSALS 

10.7 

-11.3 

95.053 

-10.7 

12.2 

101.07 

B 

10.9 

11.5 

95.086 

-10.9 

12.3 

101.17 

10 

14. C 

-14.5 

96.293 

-14.0 

15  1 

101 . 81 

11 

14.2 

14.6 

96.336 

-14.1 

15.3 

101.65 

12 

17.0 

-17.4 

97.735 

-17.0 

IB  0 

102.31 

13 

17.2 

17.5 

97.  788 

-17.1 

IB.  1 

102.33 

14 

19.9 

-20.2 

99.373 

-19.8 

20.7 

102.69 

15 

20.0 

20.3 

99.433 

-20.0 

20.8 

102.70 

16 

TM  No.  811061 


DEPTH  fMETERS) 


J> 

OJ 


40000 


100000. 

RAN GE  (HETCR51 


200000. 


RUN  FOR  BT23C 


SOURCE  DEPTH 
SOURCE  RANGE 


70.00  METERS 
0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
138998.21  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS} 

3URFACE 

ANGLE 

BOTTOM 

ANGLE 

PR0PAGAT1 j 
LOSS  (OBI 

0.9 

3.8 

03.183 

0.0 

5.9 

90.85 

3.2 

4.9 

93.187 

-3.1 

6.6 

101.34 

7.0 

-7.9 

94.019 

-6.9 

9.0 

09.73 

7.2 

8. 1 

94.041 

-7.2 

9.2 

99.94 

NUMBER  OF 
REVERSALS 


TM  No.  811061 


WETEBS1 


OJ 

ro 


SOURCE  DEPTH 
SOURCE  RANGE 


78.00  METERS 
0.00  METERS 


TARGET  DEPTH  ■  136.00  METERS 
TARGET  RANGE  «  136990.21  METERS 


transmit 

RECEIVE 

ANGLE 

mar 

SURFACE 

HNGLE 

BOTTOM 

ANGLE 

rMT 

NUMBER  OF 
REVERSALS 

•3  S 

-1.6 

93  161 

-3.0 

6.6 

102.54 

6 

-i.i 

-3.1 

3.8 

5.0 

93.183 

93.191 

0.0 

-3.3 

5.9 

6.7 

90.95 

100.54 

7 

7 

-7*  1 

-B.0 

91.031 

-7.1 

9.2 

99.87 

6 

-7!l 

6.2 

94.053 

-7.3 

9.4 

100. OH 

9 

i 


TM  No.  811061 


A33/A34  REVERSE  BLANK 


20000.  «40000.  60000. 

60000. 

100000.  120000.  moooo.  160000. 

RANGE  (HETERS1 

180000. 

200000. 

RUN 

FOR  BT23C 

SOURCE  DEPTH  •  78.00  METERS 

SOURCE  RRNGE  «  0.00  METERS 

TRRGET  OEPTH  -  136.00  METERS 

TARGET  RANGE  «  138998.21  METERS 

TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS) 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
L05S  CDBI 

NUMBER  OF 
REVERSALS 

-10.8 

-11.4 

95.072 

-10,  8 

12.3 

101.12 

10 

-11.0 

11.6 

95. 105 

-11.0 

12.4 

101.18 

11 

-14. 1 

-14.6 

96.317 

-14.1 

15.2 

101.83 

12 

-14.2 

14.7 

96.361 

-14.2 

15.4 

101.89 

13 

-17.1 

- 1 7. 5 

97.765 

-17.  J 

18.0 

102.33 

14 

-17.2 

17.6 

97.  AID 

-17.2 

18.2 

102.35 

15 

-19.9 

-20.3 

99.407 

-19.9 

20.7 

102.69 

16 

TW  No.  811061 


TM  No.  811061 


APPENDIX  B 


BLAKE  PLATEAU  PE 
&  RAY  TRACING  RESULTS 
(FEBRUARY  PROFILE) 


B1/B2 


REVERSE  BLANK 


DEPTH  (METERS) 


TM  No.  811061 


SOUND  SPEED  IMETERS/SEC) 

FREQUENCY  «  U60.0  HZ 


SOURCE  DEPTH  =  78.0  METERS 
SOURCE  RIM  -  U.O  DEGREES 
SOURCE  WIDTH  *  6.1  METERS 

PROBLEM  DEPTH  ■  1100.0  METERS 
BOTTOM  DEPTH  =  900.2  METERS 
VERTICAL  MESH  SPACING  =1.07  METERS 
BOTTOM  ATTENUATION  CONSTANT  =  0.001000 
ATTENUATION  SCALE  LENGTH  =  500.0 
SVP  TRANSITION  REG10N=500.0  METERS 

PROBLEM  RANGE  =  138750.  HETERS 
RANGE  MESH  SPACING  =  62.50  METERS 


B3 


TM  No.  811061 


i-scr-oo  isiooiit 


A17CFEB90  BLAKE 


FREQUENCY  -  460.0  HZ 

SOURCE  DEPTH  -  78.0  METERS 
SOURCE  RIM  -  4.0  DEGREES 
SOURCE  WIDTH  -  6.1  METERS 

PROBLEM  DEPTH  «  1100.0  METERS 
BOTTOM  DEPTH  «  900.2  METERS 
VERTICAL  MESH  SPACING  *  1.07  METERS 
BOTTOM  ATTENUATION  CONSTANT  -  0.001000 
ATTENUATION  SCALE  LENGTH  -  500.0 
SVP  TRANSITION  REG10N=5D0.0  METERS 

PROBLEM  RANGE  -  138750.  METERS 
RANGE  MESH  SPACING  »  62.50  METERS 


B4 


TM  No.  811061 


RANGE  =  5  MILES 


B5/B6 


REVERSE  BLANK 


PEHF  i  B-SEP-63  19*D3:H* 


TM  No.  811061 

fl 1 7CFEB90  BLAKE 


c_> 

UJ 

C.O 


UJ 


LEVEL  (DB) 


RNGLE, DELAY  MAX=-81.72  DB 
ANGLE  MAX=-78. 16  DB 
DELAY  MRX**-75. 02  DB 
DESIRED  RANGE=  5. ONAUTICAL  MILES 
STARTING  FREQUENCY*:  460.  HZ. 
STOPPING  FREQUENCY*:  540.  HZ. 
STARTING  DEPTH=  104.20  METERS 
STOPPING  DEPTH=  164.36  METERS 
SOURCE  DEPTH=78, 0METERS 
SOURCE  NIDTHs6. 1  METERS 
SOURCE  RIM=4. 0DEGREE5 


B7 


DEPTH  (METERS) 


1 


! 


CD 

00 


RANGE  (METERS! 

RUN  FOR  BT63B 


SOURCE  DEPTH  «  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
9266.55  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

RNGLE 

TRAVEL  TIME 
(SECONDS 

SURFACE 

ANDIE 

BOTTOH 

ANCLE 

PROPAGATION 
L05S  (OBI 

NUMBER  OF 
REVER5RLS 

36.6 

-36.5 

7.632 

-36.6 

37.9 

B)  15 

7 

37.7 

37.6 

7.  740 

-37  7 

39  0 

51.29 

8 

i 


TM  No.  811061 


OEfTH  fMCTERS) 


\ 


UJ 

LO 


RUN  FOR  BTG3B 


SOURCE  DEPTH  =  78.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  =  136.00  METERS 
TARGET  RANGE  =  9266.55  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
15EC0N0S1 

SURFACE 

ANGLE 

BOTTOH 

ANGLE 

PROPAGATION 
LOSS  (D01 

NUM8ER  OF 
REVERSALS 

20.8 

20.7 

6.550 

-20.9 

23.3 

79.62 

4 

28.7 

-28.6 

6.984 

-20.7 

30.5 

80.31 

5 

30.0 

29.9 

7.071 

-30.0 

31.7 

60.44 

6 

TM  No.  811061 


CEMH  IHETCfW 


CO 

o 


RUN  FOR  BT63B 


SOURCE  DEPTH  *  78.00  METERS 
SOURCE  RANGE  *  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
9266.55  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIME  SURFACE  BOTT0H  PROPAGATION  NUHBER  OF 
ANGLE  ANGLE  C5EC0N05)  ANGLE  ANGLE  LOSS  (OBI  REVERSALS 


10.0  9.8  6  212 

19.2  *19.1  6.109 


-10.2  11.7  78  15 

-19  3  21.9  79,15 


2 

3 


/ 


TM  No.  811061 


OEPTH  tHETEHSI 


U3 


RUN  FOR  0T63B 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RfiNGE  =  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
9266.55  METERS 


RNSLE  ANGLE  (SECOnAsi  ANGLE  ANGLE  LOSS  (OBI  REVERSALS 


7.8 


-7.S 


6.IB4 


0.0 


13.4 


77.69 


TM  No.  811061 


DEPTH  tHETEFBl 


i 


CO 

_ _ J 

ro 


RUN  FOR  BT63B 


SOURCE  DEPTH  •  70.00  METERS 
SOURCE  RANGE  *  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


-  136.00  METERS 
=  9266.55  METERS 


TRANSMIT  RECEIVE 
ANGLE  ANGLE 


TRAVEL  TIME 
(SECONDS) 


SURFACE 

ANCLE 


BOTTOM 

ANGLE 


PROPAGATION 
LOSS  (OBI 


NUMBER  OF 
REVERSALS 


-9.1 


-0  B 


6.199 


14.  I 


7B.1B 


r 


TM  No.  811061 


OEPTR  CHETER51 


co 


RUN  FOR  BT63B 


SOURCE  DEPTH  «  70.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  *  136.00  METERS 
TARGET  RANGE  =  9266.55  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIME  5URFBCE  BOTTOM  PROPAGATION  NUMBER  OF 
ANGLE  ANGLE  (5ECONOSI  ANGLE  ANGLE  LOSS  tOBI  REVERSALS 


-11.1 


10.9 


6.231 


78.69 


TM  No.  811061 


DEPTH  CMETER3J 


CO 

_ I 

-p* 


RUN  FOR  BT63B 


SOURCE  DEPTH  =  78.00  HETERS 
SOURCE  RRNGE  -  0.00  METERS 


TARGET  OEPTH  =  136.00  METERS 
TRRGET  RRNGE  =  9266. 5S  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIHE 
ISECONOSl 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
L0S5  (OB) 

-20.1 

-20.0 

6.524 

-20.2 

22.7 

79.55 

-21.7 

21.6 

6.587 

-21.8 

24.1 

79  70 

-29.4 

-29.3 

7  034 

-29.5 

31 . 2 

80.39 

NUHBER  OF 
REVERSALS 


V 

S 

s 


TM  No.  811061 


B15/B16  REVERSE  BLANK 


RUN  FOR  BT63B 


SOURCE  DEPTH  =  78.00  HETERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  = 
TARGET  RANGE  * 


136.00  HETERS 
9266.55  HETERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
tSECONOSl 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

-30.7 

30.6 

7.123 

-30. B 

32.4 

-37.2 

-37.2 

7.694 

-37.3 

30.5 

-38.3 

38.2 

7.  803 

-38.3 

39.  6 

PROPAGATION  NUMBER  OP 
LOSS  (OBI  REVERSALS 


80.52  7 
81.23  B 
61.36  S 


TM  No.  811061 


TM  No.  811061 


RANGE  =  25  MILES 


B17/B18 


REVERSE  BLANK 


rthfi  9-sep-co  isiootu 


R 1 7CFEB90  BLRKE 


B-5CP-BO  Ui»9t2B 

TM  No.  811061 


O 


0.0  -uo.o 

LEVEL  (DB) 


ANGLE, DELAY  MA*=-96.15  DB 
ANGLE  HAX=-92 . 25  DB 
OELAT  MAX=-89. 28  OB 
DESIRED  RANGE*  25, ONAUTICAL  MILES 
STARTING  FREQUENCY*  460.  HZ. 
STOPPING  FREQUENCY*  540.  HZ. 
STARTING  DEPTH*  104.20  METERS 
STOPPING  DEPTH*  164.36  METERS 
SOURCE  DEPTH*78. OMETERS 
SOURCE  WIDTH=6. IMETERS 
SOURCE  AIM=4. ODEGREES 


B19 


DEPTH  (HE TEAS 1 


CXI 

ro 

O 


SUM, 


fcDEHM. 


20000 


25000 
RRNGE  (HETERSl 


RUN  FOR  BT62B 


SOURCE  DEPTH  *  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
U633E.74  METERS 


TRANSMIT 

ANGLE 


RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS! 

SURFACE 

ANGLE 

-11.4 

31  249 

-11.0 

n. a 

31.285 

-12.1 

-13.7 

31.S35 

-14.0 

14.0 

31 .578 

-14.3 

-15.9 

31  B62 

-16.2 

16.2 

31.9)2 

-16  S 

-16. Q 

32.229 

-18  3 

18.4 

32.2B5 

-18.6 

B0TT0 

ANGLE 


propagation 
LOSS  (OBI 


NUMBER  OF 
REVERSALS 


11.6 

12.0 

13.9 

m.a 

16.0 

16.4 
16.2 

16.5 


15.  B 

92.62 

16  1 

92.70 

17. S 

92.92 

17.8 

92.97 

19.3 

93. 16 

19.6 

93  20 

21.1 

93.35 

21.3 

93.39 

11 

12 

13 

14 

15 

16 
17 
ia 


TM  No.  811061 


QEPTM  tHETEMI 


\ 


co 

ro 


RUN  FOR  BT62B 


SOURCE  DEPTH  =  78.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RANGE  =  46332.74  METERS 


TRPN5HIT 

ANGLE 

RECEIVE 

RNGLE 

TRAVEL  TIHE 
(5EC0ND5I 

SURFACE 

RNGLE 

BOTTOM 

ANGLE 

PROPAGATJC 
LOSS  (DDI 

2,  3 

-0.5 

30.511 

-3.0 

11.1 

90.  B7 

2.6 

1.3 

30.518 

-3.3 

11.2 

89.65 

4.2 

-3.6 

30.639 

-4.7 

41.6 

90.29 

4 . 8 

4.2 

30.653 

-5.2 

11.8 

90.82 

6.8 

-6.4 

30.802 

-7.  1 

12.8 

91.54 

7.2 

6.9 

30.823 

-7.5 

13.0 

91.77 

9.2 

-9.0 

31.004 

-9.4 

14.2 

92.21 

9.7 

9.4 

31.034 

-9.9 

14.5 

92.33 

NUMBER  OF 
REVERSALS 


3 

4 

5 

6 
7 
B 

9 

10 


TM  No.  811061 


DEPTH  IHCTEJBI 


03 

ro 

ro 


SflOO. 


SOURCE  DEPTH 
SOURCE  RANGE 


10000. 


15000. 


20000. 


25000. 

RANGE  (METERS) 


RUN  FOR  BT62B 


78.00  METERS 
0.00  METERS 


TRRGET  DEPTH 
TARGET  RANGE 


95000. 


136.00  METERS 
UR332.7U  METERS 


50000. 


*wz  T,?§?Ei5N5irc  mar  pcs?§Gl?sifM  rus 


-2.4 

-0.6 

30.516 

-3.1 

11.1 

89.57 

-2.  B 

1.7 

90.523 

-3.5 

11.2 

89.72 

-1.5 

-3.0 

30.618 

-1  9 

1 1  B 

90.56 

-5.1 

4.S 

30.663 

-5.1 

12.0 

91 . 03 

-7.0 

-6.7 

30.811 

-7.3 

12  0 

91  S7 

-7.5 

7.2 

30.837 

-7.0 

13.2 

91.88 

-9.5 

-9.2 

31.021 

-9.7 

14.1 

92.28 

-9.9 

9.6 

31.051 

-10.1 

11.6 

92,  39 

/ 


TM  No.  811061 


B23/B24  REVERSE  BLANK 


5000. 


30000. 


15000. 


20000. 


25000. 

RANGE  (METERS) 


4UUU0. 


45000. 


50000. 


RUN  FOR  BT62B 


SOURCE  DEPTH  =  78.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TRRGET  OEPTH  =  136.00  METERS 
TARGET  RANGE  =  46332. 74  METERS 


TRRNSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIHE 
(SECONDS) 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  COB) 

NUH8ER  OF 
REVER5AL5 

-11.8 

-11.6 

31.270 

-12.0 

16.0 

92.67 

12 

-12.2 

12.0 

31.307 

-12.3 

16.  3 

92.74 

13 

-m.  l 

-13.9 

31.560 

-14.2 

17.7 

92.95 

14 

-14.4 

14.2 

31.604 

-14.6 

18.0 

93.00 

15 

-16.2 

-16.  1 

31.891 

-16.4 

19.4 

93.  18 

16 

-16.6 

16.4 

31 .941 

-16.7 

19.7 

93.22 

17 

-IB. 3 

-18.2 

32.261 

-10.4 

21.2 

93.38 

18 

-18.7 

IB. 5 

32. 3 1 B 

-18  8 

21.  S 

93.41 

19 

TM  No.  811061 


TM  No.  811061 


RANGE  =  50  MILES 


B25/B26 


REVERSE  BLANK 


LEVEL  IDB) 


rtflf t  B-SEP-fiO  lfitOOt  14 


TM  No.  811061 

R 1 7CFEB90  BLRKE 


LEVEL  (OB) 


ANGLE, DELAT  MRX*-98.S0  DB 
ANGLE  MAX=-95. 86  DB 
DELAT  MAX=-9!.8U  DB 
DESIRED  RANGE=  49. 9NAUTICAL  MILES 
STARTING  FREQUENCY=  460.  HZ. 
STOPPING  FREQUENCE  540.  HZ. 
STARTING  DEPTH=  104.20  METERS 
STOPPING  DEPTH=  164.36  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  NIDTH=6. 1METERS 
SOURCE  AIM=4. ODEGREES 


B27 


03 

ro 

oo 


10000. 


20000. 


40000. 


50000. 

RANGE  (METERS) 


100000. 


RUN  FOR  BT61B 


SOURCE 

DEPTH 

o  70.00 

METERS 

SOURCE 

RANGE 

*  0  00 

METERS 

TRANSMIT 

RECEIVE 

TRAVEL  T! 

HE  SURFACE 

BOTTOH 

PROPAGATION 

ANCLE 

ANGLE 

(5EC0M0S 

il  ANGLE 

ANGLE 

LOSS  (081 

_ _ 

— 

•  - - 

- - - 

- - - - 

2.4 

-0.0 

61 . 027 

-3.1 

11.1 

95.99 

2.5 

1.2 

61.035 

-3.2 

11.1 

95.76 

3.2 

-2.3 

61.152 

-3.0 

11.3 

95.67 

3.5 

2.7 

61.162 

-4.0 

11.4 

96.07 

4.4 

-3.0 

61.290 

-4.9 

11.7 

96. 5S 

4.7 

4.) 

61.304 

-S.l 

11.0 

96.70 

5.7 

-5.3 

61.445 

-6.0 

12.3 

97.10 

TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
92665.49  METERS 


NUMBER  OF 
REVERSALS 

7 

6 

0 

to 

11 

12 

13 


rRANSHlT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  1 
(SECONC 

1HE 

IS) 

5URFPJ 

RNGLI 

6.0 

5.5 

61.463 

-6.3 

7.0 

-6.6 

61.620 

-7.2 

7.2 

6.S 

61.642 

-7.5 

8.2 

-7.9 

61.016 

-0.4 

0.4 

0.1 

61.041 

-0.6 

9.4 

-9.1 

62.032 

-9.6 

9.6 

9.3 

62.061 

-9.0 

BEF  78  SOT  W 


12  4 
12.0 
13.0 

13.5 
13.7 
14.3 

14.5 


97.36 

97.66 

07.77 

96.01 

96.09 

90.29 

98.34 


14 

15 

16 
17 
10 

19 

20 


I 


TM  No.  811061 


B29/B30  REVERSE  BLANK 


IDDDD. 


20000 


30000. 


40000. 


50000. 

BANGE  (METERS) 


60000. 


70000. 


80000. 


100000. 


RUN  FOR  BT61B 


SOURCE  DEPTH  =  78.00  METERS 
SOURCE  RRNGE  =  0.00  METERS 


TARGET  DEPTH  =  136.00  METERS 
TARGET  RANGE  =  92665.49  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(5EC0N05I 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (D8I 

NUMBER  OF 
REVERSALS 

TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIHE 
(SECONDS) 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (08) 

NUMBER  OF 
REVERSALS 

-2.4 
-2.6 
-3.4 
-3.7 
-4.6 
-4  9 
-5.8 

-1.0 

1.4 

-2.5 

2.9 

-4.0 

4.3 

-5.4 

61.032 

61.040 

61.158 

61.169 

61.298 

61.313 

61.456 

-3. 1 
-3.3 
-3.9 
-4.2 
-5.0 
-5.  3 
-6.2 

11.1 

11.2 

11.4 

11.4 

11.0 

11.9 

12  3 

95.55 

05.59 

05.83 

96.  22 

06.65 

95.90 

97.27 

B 

9 

10 

11 

12 

13 

14 

-5.  1 
-7.  1 
-7.3 
-8.  3 
-B.5 
-9.5 
-9.7 

5.7 

-6.7 

7.0 
-B.  0 

8.2 

-9.3 

9.5 

61.475 

61.633 

61.655 

61.831 

61.857 

62.049 

62.078 

-6.4 

-7.4 

-7.6 

-8.6 

-B.6 

-9,7 

-9.9 

12.4 
12.9 
13.1 
13.6 
13.8 

14.4 

14.5 

97.44 

97.73 

97.  B4 

98.05 

98.14 

98.31 

9B.3B 

15 

16 

17 

18 

19 

20  . 

21 

TM  No.  811061 


TM  No.  811061 


RANGE  =  75  MILES 


B31/B32 


REVERSE  BLANK 


.LEVEL  (06) 


rZHFt  6-SEP-5D  li:CC: 


FI  1  7CFEB90  BLAKE 


TM  No.  811061 


CJ 

LU 

cn 


llj 


ANGLE, DELRT  MAX=-105. 18  DB 
ANGLE  MAX=-l 02 . U5  DB 
DELAT  MAX=-98. 69  DB 
DESIRED  RRNGE=  7U.9NAUTICPL  MILES 
STARTING  FREQUENCY*  460.  HZ. 
STOPPING  FREQUENCY*  540.  HZ. 
STARTING  DEPTH*  104.20  METERS 
STOPPING  DEPTH*  164.36  METERS 
SOURCE  DEPTH*78. OMETERS 
SOURCE  WIDTH=6. 1METERS 
SOURCE  AIM=4. ODEGREES 


B33t 


(METERS) 


£ 

£ 


CD 

4* 


20Q00. 


SOURCE  DEPTH 
SOURCE  RANGE 


80000. 


100000 
RANGE  (HETER31 


ZOO 000. 


RUN  FOR  BT60B 


78.00  METERS 
0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
138990.21  METERS 


TRANSMIT  RECEIVE 

-ir.iF  - 


mini  t 

2.3 

2.1 

2.5 

2.9 
3.1 
3.7 

3.9 

9.5 


PNGLE 

0.3 

-0.3 

1.2 

-1.9 

2.2 

-2.9 

3.2 

-3.3 


TRAVEL  TIME 
(SEC0N051 

SURFRCE 

ANGLE 

BOTTOM 

RNGLE 

PROPAGATION 
L05S  (OBI 

NUMBER  OF 
REVERSALS 

TRAN5HI T 
RNGLE 

RECEIVE 

RNGLE 

TRAVEL  TIME 
(5CC0N05I 

91.931 

-3.0 

11.1 

106.59 

10 

9.7 

9.1 

91  955 

91.599 

-3.1 

n.i 

99.79 

11 

5  9 

-9.9 

92.099 

91.551 

-3.2 

n. i 

99.32 

12 

5.5 

5. 1 

92.111 

91 . 667 

-3.5 

11.2 

99.09 

13 

6,2 

-5.B 

92.260 

91.677 

-3  7 

11.3 

99.36 

19 

6.9 

5.9 

92.279 

9) . 799 

-9.2 

11. S 

99.60 

15 

7.0 

-6.7 

92.939 

91 . 810 

-9.9 

11.5 

99.82 

16 

7.2 

6.8 

92.961 

91.990 

-9.9 

11.7 

100. 15 

*7 

7.8 

-7.5 

92.632 

-5.1 

11.8 

100.30 

18 

-5.7 

12.1 

100.57 

19 

-5.9 

12.2 

100.69 

20 

-6.5 

12.5 

100.03 

21 

-6.  7 

12.6 

101  02 

22 

-7.3 

12.0 

101.21 

23 

-7.9 

13.0 

101.30 

29 

-8.1 

13. H 

101.95 

25 

TM  NO.  811061 


B35/B36  REVERSE  BLANK 


RANGE  (METERS! 


RUN  FOR  BT60B 


SOURCE  DEPTH  =  78.00  HETERS 
SOURCE  RRNGE  =  0.00  METERS 


TRRGET  DEPTH  =  136.00  METERS 
TRRGET  RRNGE  =  138998.21  HETERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(5CC0N0S! 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

-2.3 

0.4 

91.436 

-3.0 

11.1 

-2.5 

-1.0 

91.549 

-3.2 

11.1 

-2.6 

1.3 

91.557 

-3.3 

11.2 

-3.0 

-2.0 

91.673 

-3.6 

n.3 

-3.2 

2.3 

91.683 

-3.8 

n.3 

-3.8 

-3. 1 

91.806 

-4.3 

11.5 

-4.0 

3.3 

91.018 

-4.4 

n.6 

PROPAGATION 
LOSS  (DBI 

NUHBER  OF 
REVERSALS 

TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAV 

(5E 

106.45 

11 

-4.6 

-4.0 

91. 

99.  10 

12 

-4.8 

4.2 

91. 

99.19 

13 

-5.4 

-5.0 

92. 

99.  14 

14 

-5.6 

5,2 

92. 

99.43 

15 

-6.3 

-5.9 

92. 

99.69 

16 

-6.4 

6.0 

92, 

99.93 

17 

-7.  1 

-6.8 

92. 

-7.3 

6.9 

92. 

EL  TIME 
C0ND5I 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (OBI 

NUMBER  OF 
REVERSALS 

949 

-5.0 

11.8 

100.21 

18 

963 

-5.2 

11.9 

100.37 

19 

104 

-5.8 

12. 1 

100.63 

20 

121 

-6.0 

12.2 

100.76 

21 

271 

-6.6 

12.5 

101.00 

22 

291 

-6.7 

12.6 

101.09 

23 

452 

-7.4 

13.0 

101.26 

24 

474 

-7.5 

13.0 

101.34 

25 

TM  No.  811061 


TM  No*  811061 


APPENDIX  C 


MID-ATLANTIC  RIDGE  PE 
&  RAY  TRACING  RESULTS 
(MARCH  PROFILE) 


C1/C2 


REVERSE  BLANK 


DEPTH  (METERS) 


50- RUG-80  Q2i03t33 

TM  No.  811061 


SOURCE  DEPTH  *  76.0  METERS 
SOURCE  RIM  =  15.0  DEGREES 
SOURCE  WIDTH  *  10.0  METERS 

PROBLEM  DEPTH  *  3700.0  METERS 
BOTTOM  OEPTH  =  3501.3  METERS 
VERTICAL  MESH  SPACING  *  1.81  METERS 
BOTTOM  ATTENUATION  CONSTANT  =  0.001000 
RTTENUAT ION  SCALE  LENGTH  =  500.0 
SVP  TRANSITION  REGIGN=500.0  METERS 

PROBLEM  RANGE  -  216875.  METERS 
RANGE  MESH  SPACING  -  62.50  METERS 


C3 


ocrrn  mere  mi 


TM  No.  811061 


fto-ouc-ea  02t03i5s 


SOUND  5 PKD  CHCTPtt/SECnWJ) 


E11MAR35  RIDGE 

FREQUENCY  -  U95.Q  HZ 

SOURCE  DEPTH  «  78.0  METERS 
SOURCE  RIM  -  15.0  DEGREES 
SOURCE  WIDTH  -  10.0  METERS 

PROBLEM  DEPTH  -  3700.0  METERS 
BOTTOM  DEPTH  «  3501.3  METERS 
VERTICAL  MESH  SPACING  *  1.81  METERS 
BOTTOM  ATTENUATION  CONSTANT  «  0.001000 
ATTENUATION  SCALE  LENGTH  -  500.0 
SVP  TRANSITION  REGI0N-500.0  METERS 

PROBLEM  RANGE  »  216875.  METERS 
RANGE  MESH  SPACING  *  62.50  METERS 


i  C4 


TM  No.  811061 


RANGE  =  5  MILES 


C5/C6 


REVERSE  BLANK 


fZHFi  30-AUG-8D  02i03t33 


TM  No.  811061 

E11MRR35  RIDGE 


LEVEL  <081 


ANGLE, DELAT  MAX=-82.95  08 
ANGLE  MAX=-81 . 1 3  DB 
OELRT  MAX=-76. UU  DB 
DESIRED  RANCE=  5. ONAUTICAL  MILES 
STARTING  FREOUENCT=  U95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  DEPTH=  102.98  METERS 
STOPPING  DEPTH=  162.60  METERS 
SOURCE  DEPTH*78. OMETERS 
SOURCE  WIDTH=10. OMETERS 
SOURCE  RIM=t5. ODEGREES 


C7 


DEPTH  {METERS! 


O 

co 


RUN  FOR  BT57C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  «  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
9266.55  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIME  SURFACE 
ANGLE  ANGLE  ISEC0N0SI  ANGLE 


35.3 

96.5 


-35.3 
36  4 


7.624 
7  729 


0.0 

-36.6 


BOTTOM  PROPAGATION  NUMBER  OF 
ANGLE  LOSS  COBI  REVERSALS 


35  5  BD.61  I 

36.7  B1.06  2 


S 


TM  No.  811061 


DEPTH  IMCTCTM 


750. 


1500. 


2250. 


O 

<oO 


3750. 

0. 


'> — - 

-0 

i 

# 

RRNGE  (METERS! 

RUN  FOR  BT57C 


SOURCE  DEPTH  -  70.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
9266.55  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIHE  SURFACE  BOTTOM  PROPAGATION  NUMBER  OF 
ANGLE  ANGLE  C5EC0N0SI  ANGLE  RNGLE  LOSS  (OBI  REVERSALS 


0.6 


-3.2 


0.0 


TM  No.  811061 


CIO 


RUN  FOR  BT57C 


SOURCE  DEPTH  *  78.00  HETERS 
SOURCE  RANGE  •  0.00  HETERS 


TARGET  DEPTH  -  136.00  HETERS 
TARGET  RANGE  =  9266.55  HETERS 


TRANSMIT  RECEIVE  TRAVEL  TIME  SURFACE  BOTTOM  PRDPOGRT 1  DM  DUMBER  OF 
ANGLE  ANGLE  CSECONOS'  ANGLE  ANGLE  LOSS  COfil  REVER5AL5 


-36.0 

-37.1 


-36.0 

37.1 


7, 60*1 
7  790 


-36.1 

-37.2 


36.2 

37.3 


91.00 

61.15 


2 

3 


TM  No.  811061 


TM  No.  811061 


RANGE  =12.5  MILES 


Cl  1  /Cl  2 


REVERSE  BLANK 


rEHFt  30“flUG-60  Q2r03:33 
%-SEP-BO  13*52*48 


E11MRR35  RIDGE 


TM  No.  811061 


ANGLE, DELAT  MAX=-87.00  DB 
ANGLE  MAX=-85. 15  DB 
DELAT  MAXs-80.20  DB 
DESIRED  RANGED  12. 5NAUTICAL  MILES 
STARTING  FREQUENCT=  U95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  DEPTH=  102.98  METERS 
STOPPING  DEPTH=  162.60  METERS 
SOURCE  DEPTHs78. OMETERS 
SOURCE  WIDTHslO. OMETERS 
SOURCE  AIM=15. ODEGREES 


Cl  3 


DEPTH  (HETERSJ 


I 


O 

4* 


RUN  FOR  BT56C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  «  136.00  METERS 
TARGET  RANGE  -  23166.37  METERS 


TRANSMIT  RECEIVE  TRAVEL  TIME  SURFACE  B0TT0H  PROPAGATION  NUMBER  P£ 
ANGLE  ANGLE  (SECONDS!  ANGLE  ANGLE  L05S  (OBI  REVERSALS 

30.2  30.2  17.900  -30.3  50.1  88.30  1 


TM  No.  811061 


DEPTH  IMETEMi 


O 

cn 


RUN  FOR  BT56C 


SOURCE  OEPTH  -  78.00  METERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RANGE  =  23166.37  METERS 


transmit 

ANGLE 


RECEIVE 

ANGLE 


TRAVEL  TIME 
(SECONOSJ 


SURFRCE 

RNGLE 


BOTTOM 

ANGLE 


PROPAGATION 
LOSS  (OBI 


NUHBER  OF 
REVERSALS 


29.7 


-29.6 


17.891 


-29.8 


29.9 


0B.23 


TM  No.  811061 


DEPTH 


i 


o 

cr> 


SOURCE  DEPTH  «  70.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


RUN  FOR  BT56C 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
23166.37  HETERS 


TRANSMIT  RECEIVE 
ANGLE  ANGLE 


TRAVEL  TIME 
(SEC0N0S1 


14.1 

14.9 


-14.0 

14.8 


16.021 

16.066 


SBNCtEE 


BOTTOM 

ANGLE 


PROPAGATION 
LOSS  (OBI 


NUMBER  OF 
REVERSALS 


0.0 

-15.1 


14.6 

15.4 


86.33 

06.53 


T  / 


TM  No.  811061 


DEPTH  (METERS! 


O 


RUN  FOR  BT56C 


SOURCE  OEPTH  *  78.00  METERS 
SOURCE  RANGE  «  0.00  METERS 


TARGET  OEPTH  *  136.00  METERS 
TARGET  RANGE  =  2316S.37  METERS 


TRANSMIT 

RECEIVE 

TRAVEL  TIKE 

SURFACE 

BOTTOM 

PROPAGATION 

NUMBER  OF 

ANGIE 

. RNGLE 

(SECONDS! 

RNGLE 

ANGLE 

L05S  (08! 

REVERSALS 

-14.5 

-14.4 

16.045 

-14.8 

15.0 

66.45 

2 

-15.3 

15.2 

16.093 

-15.5 

15.8 

86.62 

3 

TM  No.  811061 


HiJin 


o 

00 


filJN  FOR  BT56C 


SOURCE  DEPTH 
SOURCE  RRNGE 


78.00  METERS 
0.00  HETERS 


TARGET  DEPTH 
TRRGET  RANGE 


136.00  HETERS 
23166.37  METERS 


WjjgJT  «CE,VE  TRgVtU^HE  SUBfPCE  ggTTOH  ^ 


SO. 5 


.)0. 6  50.7  05.35 


10.032 


TM  No.  811061 


TM  No.  811061 


RANGE  =  25  MILES 


C19/C20 


REVERSE  BLANK 


PEHFi  30-RUG-8C  02i 03i 33 


E11MRR-35  RIDGE 


TM  No.  811061 ! 


LEVEL  (DB) 


ANGLE, DELRT  MRX=-90.25  DB 
ANGLE  MRX=-87.75  DB 
DELAY  MRX=-81.99  DB 
DESIRED  RRNGE=  25. ONAUTICAL  MILES 
STARTING  FREQUENCY*  U95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  DEPTH=  102.98  METERS 
STOPPING  DEPTH*  162.60  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  HIDTH=10. OMETERS 
SOURCE  AIM=15. OOEGREES 


C21 


IKCTEW) 


O 

ro 

ro 


RUN  FOR  BT55C 


SOURCE  OEPTH  -  70.00  METERS 
SOURCE  RANGE  *  0.00  HETERS 


TRRGET  OEPTH 
TRRGET  RANGE 


136.00  METERS 
H6332.74  HETERS 


"sar  m  Twr  w  ssj;?h  tow  imrus 


14.4 

14.6 


-14.3 

14.7 


32,076 

32.122 


-14.6 

-15.0 


14.9 

15.3 


92.43 

92.53 


TM  No.  811061 


DEPTH  WCTEW» 
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ro 
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TM  No.  811061 


OCPTH  tHCTtlWJ 


I 

I 

I 


o 

ro 

4* 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  HETERS 
46332.74  METERS 


TRANSMIT 

receive 

TflRVEt  TIME 

W 

bottom 

ANGLE 

rFQPRGATlON 

NUMBER  OF 

ANGLE 

ANGLE 

(SEC0N0SI 

LOSS  (001 

REVERSALS 

-4.2 

-3.8 

31.066 

-4.9 

5.7 

60  21 

2 

-S.t 

4.7 

31.081 

-5.7 

6.4 

89.37 

3 

n* 

> 


TM  No.  811061 


C25/C26  REVERSE  BLANK 


9  *> 


RUN  FOR  BT55C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  »  0.00  METERS 


TARGET  DEPTH  •  136.00  METERS 
TARGET  RANGE  *  46332.74  METERS 


TRRN5MIT  DECEIVE  TRAVEL  TIME  SURFACE  BOTTOM  PROPAGATION  HUMBER  OF 
ANGLE  ANGLE  (SECONDS!  ANGLE  RNGLE  LOSS  1001  REVERSALS 


14.6  -14.5  32.102 

15.0  14.9  32.148 


-14.9  15.1  92.49 

-15.2  15.5  92.57 


4 

5 


TM  No.  811061 


TM  No.  811061 


RANGE  =  37.5  MILES 


C27/C28 


REVERSE  BLANK 


E  1 1 MRR35  RIDGE 


PEHFt  3D-AUG-6Q  02i03:33 

TM  NO,  811061  80 


UJ 

Uf3 


bJ 


ANGLE, DELAT  HAX=-99.27  OB 
ANGLE  MAX=-96.57  DB 
DELAT  MAX=-92. 88  DB 
DESIRED  RRNGE=  37. UNAUTICRL  MILES 
STARTING  FREQUENCT=  H95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  DEPTHS  102.98  METERS 
STOPPING  DEPTH=  162.60  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  WIDTH=10. OMETERS 
SOURCE  AI M=1 5. ODEGREES 


C29 


DEPTH  WfiTER® 


o 

u> 

o 


RUN  FOR  BT5MC 


SOURCE  DEPTH  «  78.00  METERS 
SOURCE  RRNGE  *  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RRNGE  «  69499.11  METERS 


inmr 


"BBT 


14.5 

ih.b 


-14.4 

14.7 


TRAVEL.  TIME  SURFACE  BOTTOM  PR0PRGRTION 
(SECONOri  ANGLE  ANGLE  LOSS  <001 

40.192  -14.7  IS.O  05  90 

48.177  -IS.O  15.9  06.04 


NUMBER  Of 
REVERSALS 


5 

B 


4  / 


TM  No.  811061 


DEPTH  (METERS! 


O 

GO 


RUN  FOR  BT54C 


SOURCE  DEPTH  =  78.00  HETERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RANGE  =  69499.11  METERS 


TRRN3MIT 

RNGLE 

RECEIVE 

RNGLE 

TRAVEL  TIME 
(SECONDS) 

SURFACE 

RNGLE 

BOTTOM 

RNGLE 

PR0PRGRT10M 
LOSS  CDBI 

NUMBER  OF 
REVER5HLS 

2.0 

0.7 

<16.258 

-3.2 

1.4 

97.23 

2 

7.0 

-7.7 

(17.001 

-8.3 

8.0 

94.16 

3 

8.3 

8.1 

17.029 

-B.7 

0.2 

94.42 

4 

TM  NO.  811061  ' 


o 

CO 

PO 


RUN  FOR  BT5MC 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH  *  136.00  METERS 
TARGET  RANGE  -  69499.11  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

t RAVEL  TIME 
(SECONDS! 

SURFPCE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (DB1 

NUMBER  OP 
REVERSALS 

-2.0 

0.8 

*6. 263 

-3.3 

4.4 

03.84 

3 

-8.1 

-7.B 

47.018 

-8.5 

0.0 

04.31 

1 

-8.5 

8.3 

47  044 

-8.0 

0.4 

04.53 

5 

/ 


TM  No.  811061 


C33/C34  REVERSE  BLANK 


RUN  FOR  BT5MC 


SOURCE  DEPTH  «  78.00  METERS 
SOURCE  RANGE  =>  0.00  METERS 


TARGET  DEPTH  -  13$. 00  METERS 
TARGET  RANGE  *  69499. 11  METERS 


TRANSMIT 

ANGLE 


RECEIVE 

ANGLE 


TRAVEL  TIME 
(SECONDS) 


-14.7  -14.5  4B.15B 

-14.9  14.0  40.204 


5URFRCE 

ANGLE 


-14.9 

-15.1 


BOTTOH 

ANGLE 


PROPAGATION 
LOSS  (D6I 


NUMBER  DP 
REVER5RL5 


15. Z  86. 02  6 

15.4  96.00  7 
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TM  No.  811061 


RANGE  =  50  MILES 


C35/C36 


REVERSE  BLANK 


fEHFi  3D-RUC-CD  02*03:33 


H-SFF-BO  14. HO » 27 

TM  No.  811061 

E 11 MRR35  RIDGE 


LJ 
L U 
tn 


LLt 


HZ. 

HZ. 


FROM  DOWN 


ANGLE  (DEGREES) 


FROM  UF 


SOURCE  AIM=15. ODEGREES 


C37 


DEPTH  IKCTERSJ 


o 

O) 

00 


RUN  FOR  BT53C 


SOURCE  DEPTH  *  78,00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
92665.49  METERS 


"W 

RECEIVE 

RNGLE 

TRRVEL  TIME 
(SECONDS) 

SURFACE 

RNGLE 

BOTTOM 

RNGLE 

rROPRGI 

LOSS 

10.0 

9.8 

63.035 

-10.3 

10.7 

97  40 

m.6 

-14.1 

64.188 

-14.0 

15.1 

00.49 

14.0 

14.6 

64.233 

-15.0 

15.3 

98,  54 

10.0 

-10. 8 

65  676 

-10.1 

19.3 

99  11 

10.1 

19.0 

65.734 

-10.2 

19.4 

99.14 

rROPRGRTlON  NUMBER  OF 
!  —  — -  RCVER5PL5 


S 

7 

e 

o 

10 


) 


TM  No.  811061 


OErtH 


o 

OJ 
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RUN  FOR  BT53C 


SOURCE  DEPTH  =  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH  »  136.00  METERS 
TARGET  RANGE  =  92665.49  METERS 


TRANSMIT 

RNGLE 

RECEIVE 

RNGLE 

TRRVEl  TIME 
t5ECOND5i 

SURFACE 

RNGLE 

BOTTOM 

RNGLE 

PROPAGATION 
L0S5  (OBI 

NUMBER  OF 
REVERSALS 

4.1 

-3.6 

62.127 

-4.8 

5.6 

94.06 

3 

4.5 

4.1 

62.141 

-5.2 

6.0 

94.77 

4 

9.8 

-9.5 

63.004 

-10.1 

10.5 

97.37 

5 

TM  NO.  811061 


DtfTH  IHCTCH51 


RUN  FOR  BT53C 


SOURCE  DEPTH  *  70.00  METERS  TARGET  DEPTH  »  136.00  HETERS 

SOURCE  RANGE  ■  0.00  METERS  -TARGET  RANGE  -  92665. 49  METERS 

TmT  to  miir  to  hep  ramr  hrs 


•11.3 

-3.9 

62.138 

-5.0 

5.0 

94.42 

4 

-U 

4.4 

62.150 

-5.4 

6.1 

95.02 

5 

-9.0 

-9.7 

63.022 

-10  2 

10.6 

97.44 

6 
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TM  No.  811061 


C41/C42  REVERSE  BLANK 


t  \ 


i  Dacia. 

2DDDD..  JflDOD. 

tmatt. 

SHOD.  SO0OO.  70000.  (3000. 

OBNCt  CMC  tens) 

looboo. 

RUN 

FOR  BT53C 

SOURCE  DEPTH 
SOURCE  RANGE 

*  78.00  METERS 

*  0.00  METERS 

TARGET  DEPTH  *  136.00  METERS 

TARGET  RANGE  «  92665.49  METERS 

TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS! 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (OBI 

NUMBER  OF 
REVERSALS 

-10.2 

10.0 

63.053 

-10.5 

10.9 

97.  SB 

7 

-14. 7 

-14.6 

64.214 

-14.9 

IS. 2 

98.52 

8 

-14. 0 

14. B 

64.260 

-15.1 

15.4 

98.56 

9 

-18.0 

-18.9 

65.710 

-19.2 

19.4 

99.12 

10 

-19.2 

19.1 

6S.76B 

-19.3 

19.5 

99.  IS 

11 

I 

1 


TM  No.  811061 


TM  No.  811061 


RANGE  =  75  MILES 


C43/C44 


REVERSE  BLANK 


.LEVEL  1DB) 


PEHFt  33-RUIi-BQ  02?Q3:33 

TM  No.  811061 


E 1  1 MRR35  RIDGE 


0.0  -uo.o 

LEVEL  (00) 


ANGLE, OELAT  MAX=-109.08  D8 
ANGLE  MAX=-10U. 89  DB 
DELAT  HAX=-1 02. 65  DB 
DESIRED  RANCE=  74 . 9NRUT I  CAL  MILES 
STARTING  FREQUENCT=  U95,  HZ. 
STOPPING  FREQUENCT=  505.  HZ. 
STARTING  DEPTH=  102.98  METERS 
STOPPING  DEPTH=  162.60  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  HIDTH=10. OMETERS 
SOURCE  AIH=15. ODEGREES 


C45 


DEPTH 


I 


O 

-P> 

cn 


RUN  FOR  BT52C 


SOURCE  DEPTH  «  78.00  METERS 
SOURCE  RANGE  «  0.00  METERS 


TARGET  DEPTH  =  136.00  METERS 
TARGET  RANGE  =  138998.21  METERS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(5ECONOS9 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (OBI 

NUH8ER  OF 
REVERSALS 

II.  5 

-11.3 

95.060 

-11.6 

12.1 

101, 39 

9 

11.6 

11.5 

95.005 

-11.9 

12.3 

101.44 

10 

14.6 

-14.5 

96.300 

-14.8 

15.1 

102.03 

11 

14.7 

14.6 

96.345 

-15.0 

15.2 

102.06 

12 

17.5 

-17.4 

97.742 

-17.7 

17.9 

102.46 

13 

17.7 

17.6 

97  796 

-17.8 

IS.  ] 

102.48 

14 

TM  NO.  811061 


DEPTH  IHETCHSJ 


O 

-P» 


RUN  FOR  BT52C 


SOURCE  DEPTH  *  70.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH  =  136.00  METERS 
TARGET  RANGE  =  130998.21  METERS 


TRANSMIT 

RNGLE 

RECEIVE 

RNGLE 

TRAVEL  TIME 
tSECONOSl 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  tDBl 

NUHBE1 

REVER! 

1.0 

0.5 

93.516 

-3.3 

4.4 

108.50 

4 

4.3 

-3.8 

93.166 

-4.9 

5.7 

97.77 

5 

4.5 

4.1 

93.310 

-S.3 

5.9 

98.36 

6 

0.1 

-7.9 

94.037 

-0.5 

9.0 

100.38 

7 

8.3 

0.1 

94.053 

-8.7 

9.1 

100.40 

8 

TM  No.  811061 


DEPTH 


O 

-P» 

00 


RUN  FOR  BT52C 


SOURCE  OEPTH  «  78.00  METERS 
SOURCE  RANGE  -  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
138990.21  METERS 


transmit 

ANGLE 


-2.0 

-4.4 

-4.6 

-8.2 

-8.4 


RECEIVE 

ANGLE 

TRAVEL  TIME  SURFACE 
(SECONOSI  ANCLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (061 

NUHBER 

REVERSI 

0.7 

02.521 

-3.2 

4.4 

102.44 

5 

-3. 0 

03.205 

-5.1 

S.8 

08.02 

6 

<6.3 

03.210 

-5.3 

6.1 

08.45 

7 

-8.0 

94. 042 

-8.6 

B.l 

100  35 

8 

8.2 

94.068 

-8.8 

0  2 

100.48 

0 

TM  No.  811061 


C49/C50  REVERSE  BLANK 


RUN  FOR  BT52C 


SOURCE  DEPTH  =  78.00  HETERS 
SOURCE  RANGE  =  0.00  METERS 


TARGET  DEPTH  -  136.00  METERS 
TARGET  RANGE  =  138998.21  HETERS 


TMRNSHIT 

ANGLE 

RECEIVE 

RNGLE 

TRRVEL  TIME 
(SEC0N05I 

3URFRCE 

RNGLE 

BOTTOM 

RNGLE 

rmirRGRnoN 
LOSS  (061 

I8BU 

5s 

-n.B 

-11.4 

95.081 

-11.9 

12.2 

101.43 

10 

-11.7 

11.6 

95.117 

-12.0 

12.4 

101.47 

11 

-m.7 

-14.6 

96.326 

-14.9 

15.2 

102.  OS 

12 

-14. 8 

14.7 

96.372 

-15.0 

15.3 

102.08 

13 

-17.6 

-17.5 

97.773 

-17.8 

18.0 

102.47 

14 

-17.7 

17.6 

97.828 

-17.9 

18.1 

102.49 

15  . 

TM  No.  811061 


TM  No.  811061 


RANGE  =  100  MILES 


C51/C52 


REVERSE  BLANK 


rtHFi  J0-auG-80  02t03:33 


TM  No.  811061 

E11MRR35  RIDGE 


LEVEL  (OB) 


ANGLE, DELRY  MAX=-11U.U6  DB 
ANGLE  MAX*- 109.99  DB 
DELAT  MAX*- 106.00  DB 
DESIRED  RANGE*  99. 8NAUT ICAL  MILES 
STARTING  FREQUENCY*  U95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  DEPTH*  102.98  METERS 
STOPPING  DEPTH*  162.60  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  WIDTH=10. OMETERS 
SOURCE  AIM=15. ODEGREES 


C53 


OCTOOJ 


I 


o 

tn 


20000. 


80000. 


100000. 

8RHGE  iHfieRSI 


120000. 


isnooo. 


20000^ 


RUN  FOR  BT51C 


SOURCE  DEPTH 
SOURCE  RANGE 


70.00  METERS 
0.00  METERS 


TRRGET  DEPTH  -  136.00  METERS 
fARGET  RANGE  *  185330.96  METERS 


"WET 


w 

mar 

s»  mt 

rm 

-0.7 

123.57) 

-3.2 

4.4 

104.27 

1.0 

123.577 

-3.3 

4.4 

100.62 

-3.8 

124.266 

-5.0 

5.8 

10G.37 

4. 1 

124.279 

-5.2 

5.9 

100.72 

-7.0 

125.074 

-7.6 

6.2 

102  39 

7. 1 

125.097 

-7.8 

8.3 

102  51 

-9.7 

126  032 

-10.2 

10  6 

103  44 

2.0 

2.1 

4.2 
4.5 

7.2 
7.4 
0.0 


10 

11 


1 


TM  No.  811061 


C55/C56  REVERSE  BLANK 


i 


» 


RUN  FOR  BT51C 


SOURCE  DEPTH 
SOURCE  RANGE 


78.00  METERS 
0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
185330.96  METERS 


TRANSMIT 

ANCLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 
(SECONDS* 

SURFACE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
LOSS  (001 

-2.0 

-0.0 

123.576 

-3.3 

4.4 

100. 65 

—2.  1 

1.1 

123.S02 

-3.3 

4.4 

99.  86 

-4.4 

-4.0 

124.274 

-5.1 

5.9 

100.54 

-4.6 

4.2 

124.280 

-5.3 

6.0 

100. 64 

-7. 3 

-7.  1 

125.080 

-7.7 

B.3 

102.45 

-7.4 

7.2 

125.111 

-7.9 

B.  4 

102.5S 

-9.9 

-9.8 

126.050 

-10.3 

10.7 

103.47 

RSBLS 


6 

7 

8 

9 

10 

11 

1 2 
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TM  No.  811061 


RANGE 


117  MILES 


C57/C58 


REVERSE  BLANK 


.LEVEL  l0B)o 


* 


SJ 


f 


PEHFi  30-flUo-eG  02s 03: 33 

TM  No..  811061 


0.0  -uo.o 

LEVEL  (DB) 


ANGLE,  DELRT  MAX=-1I7.62  DB 
ANGLE  MAX=-l 12. 77  DB 
DELAY  MAX=-m.03  OB 
DESIRED  RANGE=  1 17. ONAUTICAL  MILES 
STARTING  FREQUENCY^  U95.  HZ. 
STOPPING  FREQUENCY*  505.  HZ. 
STARTING  OEPTH=  102.98  METERS 
STOPPING  DEPTH*  162.60  METERS 
SOURCE  DEPTH=78. OMETERS 
SOURCE  HIDTH=10. OMETERS 
SOURCE  AIM=15. ODEGREES 


C59 


OEFTH  fMCTEWI 


I 


O 

cn 

o 


PUN  FOR  BT50C 


SOURCE  DEPTH  -  78.00  METERS 
SOURCE  RANGE  *  0.00  METERS 


TARGET  DEPTH 
TARGET  RANGE 


136.00  METERS 
216837.23  METERS 


%chIH1  TBHnHI*  TO  TWW  RMS 


-2.7 

-2.0 

144.9)5 

-3.7 

4.7 

100.38 

-2.9 

2.3 

144.924 

-3.9 

4.9 

100.76 

-5.2 

-4.9 

145.645 

-5.B 

6.5 

102.57 

-5.  *4 

5.0 

145.662 

-6.D 

6.6 

102.77 

-7.6 

-7.4 

146. 4BB 

-8.1 

8.6 

104.00 

-7.8 

7.6 

146.512 

-8.2 

8.7 

104.06 

-9.9 

-9.7 

147. 4S9 

-10.2 

10.6 

104.83 

TM  No.  811061 


C61/C62  REVERSE  BLANK 


I 

I 

I 

f 

f 


RUN  FOR  BT50C 


SOURCE  DEPTH 
SOURCE  RANGE 


«=  78.00  METERS 
«  0.00  METERS 


TARGET  DEPTH  *  136.00  METERS  ^ 
TARGET  RANGE  *  216837.23  HETEftS 


TRANSMIT 

ANGLE 

RECEIVE 

ANGLE 

TRAVEL  TIME 

(SECONQSI 

SURfPCE 

ANGLE 

BOTTOM 

ANGLE 

PROPAGATION 
L055  f OBI 

NUMBEI 

REVt'R! 

2.6 

-1.8 

144.909 

-3.7 

4.7 

100.18 

7J 

2.8 

2.1 

144.918 

-3.0 

4.8 

100.67 

8 

5.1 

-4.R 

145.636 

4.7 

6.4 

102.45 

S 

5.3 

4.9 

145.652 

-5.9 

6.6 

102.66 

10 

7.6 

-7.  3 

146.474 

-8.0 

8,5 

103.93 

n 

7.7 

7.5 

146.498 

-3. 1 

8.6 

104.05 

12 

9.8 

-9.7 

147.441 

-10.2 

10.6 

104.80 

13 

9.9 

9.8 

147.472 

-10.3 

10.7 

104.86 

14 

TM  No.  811061 


A  COMPARISON  OF  MULTIPATH  ARRIVAL  STRUCTUES  OBSERVED  IN  THE  PRESENCE 
OF  SURFACE  DUCT  WITH  PREDICTIONS  OBTAINED  USING  CLASSICAL  RAY 
TECHNIQUES  AND  THE  PARABOLIC  EQUATIONS  METHOD 
Herbert  A.  Freese 
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